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UNITED STATES 
DEPARTMENT OF THE INTERIOR Technical Letter 

GEOLOGICAL SURVEY NASA- 16 
May 1966 

GEOLOGICAL EVALUATION OF RADAR IMAGERY y 

OREGON COAST 

Parke D. Snavely, Jr., and Holly C. Wagner 

Ab st rac t 

Radar imagery of a coastal strip extending from the Columbia River 
almost to the California border was obtained with a high frequency 
side-looking radar. A qualitative evaluation indicates that radar imagery 
is a:potentially useful tool for geologic mapping in regions where bed- 
rock is masked by dense vegetation. The radar sensor effectively 
"defoliated" Coastal Oregon', thus greatly enhancing the topographic and 
tonal expressions of certain Tertiary rock units. Faults and lineaments 
that cannot be identified on conventional black and white phtttagraphy can 
be recognized. 

Preliminary interpretations indicate that radar returns in this 
area are dependent principally upon density and water content of the 
rock units. 
distinctive. Miocene basalt flows show the highest returns (lightest 
tones) , sandstones give intermediate tones, and marine mudstones have 
the lowest radar returns o f  any of the Tertiary rocks. 
of these contrasting tones and differences in topographic expression 
defines the positions of depositional and fault contacts. 

The tonal renditions of certain Tertiary units are 

The juxtaposition 
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. I n t r o d u c t i o n  

Radar imagery of a c o a s t a l  s t r i p  approximately 10 miles wide 
extending southward from t h e  mouth of  t h e  Columbia River  almost t o  t h e  
C a l i f o r n i a  border  was flown a t  t h e  r e q u e s t  of t h e  U.S. Geological  Survey 
on October 25, 1965. Two images were obta ined  with h igh  frequency 
s ide- looking r a d a r  t h a t  was opera ted  i n  a p o l a r i z i n g  mode. 
was h o r i z o n t a l l y  p o l a r i z e d  both  i n  t ransmiss ion  and recept ion;  t h e  o t h e r  
was produced from a v e r t i c a l l y  p o l a r i z e d  component of  t h e  r e t u r n  S igna l  
t h a t  had been t r a n s m i t t e d  h o r i z o n t a l l y  p o l a r i z e d .  Two s t r i p s  were flown, 
one wi th  a f l i g h t  p a t h  t r a v e l i n g  from south  t o  n o r t h  along t h e  c o a s t l i n e  
and t h e  o t h e r  about 10 miles e a s t  t r a v e l i n g  from n o r t h  t o  south.  These 
two f l i g h t  l i n e s  a r e  s p e c i f i e d  by t h e  Geological  Survey, a s  t h e y  t r a v e r s e  
a wide v a r i e t y  of  rock t y p e s  o f  Mesozoic and T e r t i a r y  age. 
of  in te rbedded  eugeosyncl ina l  v o l c a n i c  and sedimentary rocks  of  T e r t i a r y  
age u n d e r l i e  t h e  n o r t h e r n  t h r e e - f o u r t h s  of t h e  s t r i p ;  t h e  t e r r a i n  i n  t h e  
southern  one-fourth i s  composed of  s t r u c t u r a l l y  complex sedimentary,  
igneous,  and metamorphic rocks of  Mesozoic age ( f i g .  1). The north-  
d i r e c t e d  f l i g h t  r e s u l t e d  i n  high r e s o l u t i o n ,  cont inuous r a d a r  imagery 
throughout  t h e  f l i g h t  l i n e ,  but  a storm a t  t h e  tims of  t h e  southward"'f'i.lght 
rendered u s e l e s s  a l l  except  small  segments of  t h e  imagery i n  t h e  Astor ia  
and Coos Bay a r e a s .  

One image 

Thick sequences 

Inasmuch a s  t h e  bedrock geology i n  c o a s t a l  Oregon i s  obscured by 
a dense growth of c o n i f e r o u s  f o r e s t s ,  heavy brush ,  and t h i c k  s o i l ,  it 
was hoped t h a t  t h e  e lec t romagnet ic  r a d i a t i o n  would p e n e t r a t e  a t  l e a s t  
p a r t  of  t h i s  cover  so t h a t  t h e  t r e n d s  of major s t r u c t u r a l  e lements  and 
t h e  d i s t r i b u t i o n  of  p r i n c i p a l  l i t h o l o g i c  u n i t s  would be enhanced. The 
imagery b r i e f l y  r e p o r t e d  upon here ,  demonstrates  t h e  e f f e c t i v e  pene t ra -  
t i o n  of  r a d a r  through dense v e g e t a t i o n ,  a s  d e t a i l s  of topography 
obscured on convent iona l  photographs s t a n d  o u t  on t h e  r a d a r  imagery. 

This  r e p o r t  i s  concerned p r i m a r i l y  wi th  a geologic  e v a l u a t i o n  of  
t h e  r a d a r  imagery i n  t h e  n o r t h e r n  p a r t  of t h e  c o a s t a l  f l i g h t  s t r i p ,  
f o r  g e o l o g i c a l  s t u d i e s  a r e  c u r r e n t l y  under way t h e r e  by t h e  s e n i o r  
a u t h o r .  V e r t i c a l  black and white  photography from s e v e r a l  sources  and 
a t  v a r i o u s  s c a l e s  a s  wel l  a s  some low-angle obl ique  photos  a r e  a v a i l a b l e  
in most of  t h i s  a r e a  f o r  comparison wi th  t h e  r a d a r  imagery. An evalu- 
a t i o n  of t h e  southern  ( p r e - T e r t i a r y )  p o r t i o n  of  t h e  s t r i p  i s  being made 
by Geological  Survey g e o l o g i s t s  f a m i l i a r  wi th  t h e  geology i n  t h e  Klamath 
Mountains a r e a .  

Radar Xmagery - General Comments 

S c a l e  v a r i a t i o n s  

Measurement between known p o i n t s  on t h e  r a d a r  imagery i n d i c a t e s  
t h a t  t h e  s c a l e  v a r i e s  s i g n i f i c a n t l y  i n  both north-south and east-west  
d i r e c t i o n s .  A t  t h e  n o r t h e r n  end of t h e  f l i g h t  l i n e  t h e  north-south 
s c a l e  averages  about 1:188,000; east-west  it i s  1:192,000. I n  t h e  
southern  p a r t  n e a r  Coos Bay t h e  north-south s c a l e  averages  1:205,000; 
east-west  it i s  1:201,000. 
t h e  s c a l e s  average:  north-south 1:170,000; east-west 1:195,000. 

Near t h e  c e n t e r  of  t h e  f l i g h t  (Newport a r e a )  
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Imaqe d i s t o r t i o n  

Imagery d i r e c t l y  below t h e , p l a n e  i s  g r e a t l y  d i s t o r t e d ,  producing a 
s imula ted  hor izon  e f f e c t  when viewed p e r p e n d i c u l a r  t o  t h e  l i n e  of  f l i g h t  
and toward t h e  ocean ( f i g .  2) .  The g e n e r a l  p e r s p e c t i v e  i s  s i m i l a r  t o  t h a t  
ob ta ined  i f  t h e  c o a s t  l i n e  were viewed from a p o i n t  about 10 miles i n l a n d  
and from a h e i g h t  of about 3,000 f e e t .  
Yaquina Head i s  g r e a t l y  fo re shor t ened ,  and b roade r  capes ,  such a s  
Cape Foulweather, appear t o  block t h e  c o a s t  l i n e  from view. 

The narrow b a s a l t  headland a t  

Resolu t ion  of c u l t u r a l  f e a t u r e s  

Many c u l t u r a l  o b j e c t s  show wi th  remarkable c l a r i t y  on t h e  r a d a r  
imagery. L inea r  f e a t u r e s ,  such a s  c o n c r e t e  b r i d g e s ,  long p i e r s  and rows 
of p i l i n g s ,  and breakwaters  and j e t t i e s  show b e s t ,  bu t  f i s h i n g  b o a t s  
(some p o s s i b l y  only  20 f e e t  i n  l e n g t h ) ,  houses (where r o o f s  c o n t r a s t  
s t r o n g l y  wi th  su r round ings ) ,  and even power-line f o o t i n g s  ( i n  wa te r )  
show well. 

A i r s t r i p s  show as  dark  s t r i p s  of d i s t i n c t i v e  shape ( f i g .  3), bu t  
highways and secondary roads  i n  g e n e r a l  show poor ly .  Although p a r t s  
of some main highways can be seen on t h e  r a d a r  images a s  dark o r  l i g h t  
l i n e s ,  o t h e r  p a r t s  do no t  show a t  a l l .  I t  i s  s u r p r i s i n g  t h a t  t h e  
e x t e n s i v e  networks of logging  roads  t h a t  a r e  s o  apparent  on convent iona l  
photographs,  show i n  t h e  images i n  on ly  a few p l a c e s .  T h i s  absence may 
r e f l e c t  t h e  f a c t  t h a t  most of t h e  road meta l  used on t h e  logging  roads  

, corresponds  c l o s e l y  t o  t h e  surrounding bedrock. Highways wi th  roadcu t s  
show w e l l  l o c a l l y ,  p robably  owing t o  t h e  s t e e p n e s s  of t h e  roadcut  f a c e s .  
Pdwer l i n e s  i n  p l a c e s  show w e l l  on t h e  imagery ( f i g .  3 ) ,  perhaps due t o  
r a d a r  back s c a t t e r  o f f  t h e  power l i n e s  themselves;  bu t  many do no t  show 
a t  a l l .  

Resolu t ion  of topoqraghic  f e a t u r e s  

Large s c a l e  topographic  f e a t u r e s ,  a l though geomet r i ca l ly  d i s t o r t e d ,  
a r e  c l e a r l y  d i sp l ayed  on t h e  r a d a r  images. Even more impress ive ,  however, 
i s  t h e  r e n d i t i o n  of smal l  topographic  f e a t u r e s .  Th i s  i s  due, presumably, 
t o  t h e  a b i l i t y  of t h e  e l ec t romagne t i c  r a d i a t i o n  t o  p e n e t r a t e  through 
v e g e t a t i o n  and, i n  essence ,  t o  " d e f o l i a t e "  t h e  t h i c k  cover  of t r e e s  and 
brush  t h a t  normally obscu res  t h e  f i n e r  d e t a i l s  of t h e  topography. 
t h a t  t h i s  " d e f o l i a t i o n "  phenomenon i s . e s s e n t i a l l y  complete i s  shown by 
t h e  absence of t o n a l  d i f f e r e n c e s  between logged-off and t imber-covered 
a r e a s  on t h e  r a d a r  imagery, whereas on conven t iona l  pfiotographs t h e  
logged-off a r e a s  appear  a s  n e a r l y  whi te  p a t c h e s  surrounded by dark 
a r e a s  of t imber .  

Proof 

I n  t h e s e  images of  C o a s t a l  Oregon we e s t i m a t e  t h a t  topographic  
d e t a i l  shown on t h e  r a d a r  imagery i s  roughly twice t h a t  shown on 
conven t iona l  photographs ( f i g .  4) .  The i n t r i c a t e  network of small  
s t reams and d ra inages  shows i n  g r e a t  d e t a i l  on t h e  r a d a r  image, and 
such imagery would ve ry  l i k e l y  make p o s s i b l e  t h e  a d d i t i o n  of much 
d e t a i l  i n  t h e  p r e p a r a t i o n  of  topographic  maps. 

-3- 



A s  i s  t h e  c a s e  on convent iona l  photographs,  s t r o n g  shadows on 
r a d a r  images, a l though t h e y  emphasize t h e  topography, t e n d  t o  obscure 
t h e  d r a i n a g e  systems where shadows a r e  p a r t i c u l a r l y  dark.  Shadows 
t h e  images o f  t h e  n o r t h - d i r e c t e d  f l i g h t  appear  a s  would shadows on 
convent iona l  photographs i f  t aken  a t  mid-afternoon. 

E f f e c t  of  v e r t i c a l  p o l a r i z a t i o n  

The v e r t i c a l l y  p o l a r i z e d  image i s  less u s e f u l  t h a n  t h e  h o r i z o n t a l l y  
p o l a r i z e d  image because v e r t i c a l  p o l a r i z a t i o n  produces l ess  t o n a l  
c o n t r a s t  between rock u n i t s  o r  c u l t u r a l  f e a t u r e s ,  The p r i n c i p a l  
advantage of t h e  v e r t i c a l l y  p o l a r i z e d  image was t h a t  t h e  v e r t i c a l  
p o l a r i z a t i o n  p e n e t r a t e d  t h i n  c louds  and produced ground imagery i n  a 
few a r e a s  where t h i c k  clouds obscured t h e  ground on t h e  p lane-polar ized  
image. 

Radar Imagery - Geologic Appl ica t ions  

Tonal r e n d i t i o n  of rock u n i t s  

Tonal r e n d i t i o n  ( shades  of  g r a y )  on t h e  r a d a r  image i s  a p p a r e n t l y  
a f f e c t e d  by t h r e e  f a c t o r s :  (1) rock d e n s i t y  and composition, ( 2 )  sur- 
f a c e  roughness of rock u n i t ,  and ( 3 )  water  conten t  of u n i t .  I n  o r d e r  t o  
show t h e  r e l a t i o n s h i p  between t o n a l  r e n d i t i o n  and geology, geologic  
s k e t c h  maps have been drawn d i r e c t l y  from t h e  r a d a r  imagery i n  s e v e r a l  
s e l e c t e d  a r e a s .  The assignment of  t o n a l  d i f f e r e n c e  t o  s p e c i f i c  l i t h o -  
l o g i c  u n i t s  i s  based upon a personal  knowledge of  t h e  r e g i o n a l  geology 
of  t h e  Oregon Coast Range. Undoubtedly geologic  knowledge inf luenced  
t h e  p o s i t i o n i n g  of g e o l o g i c  c o n t a c t s  i n  a few p l a c e s .  

Rocks of h igh  d e n s i t y  and s u r f a c e  roughness g e n e r a l l y  u n d e r l i e  
t h e  l i g h t e s t  co lored  a r e a s .  Rough-surfaced middle Miocene b a s a l t  
( d e n s i t y  2 . 9 ) ,  f o r  example, forms t h e  l i g h t - c o l o r e d  headland (Cape 
Lookout) i n  f i g u r e  3. Rocks of  low d e n s i t y  and/or h igh  water  c o n t e n t ,  
such a s  a l l u v i a l  m a t e r i a l s  and very  f i n e  g r a i n e d  sedimentary rocks,  
g e n e r a l l y  have t h e  d a r k e s t  tones .  The Quaternary al luvium and t e r r a c e  
m a t e r i a l s  ( Q a l  and Qt) and t h e  l a t e  Eocene marine mudstones (Tem) of 
f i g u r e  2 have c h a r a c t e r i s t i c  dark t o n e s  and a r e  r e a d i l y  s e p a r a t e d  from 
t h e  carbonate-cemented, h igher -dens i ty  middle Eocene sands tones  of  t h e  
Tyee Formation ( T t )  whikH appear  much l i g h t e r  i n  t o n e  and b o l d e r  i n  
r e l i e f .  Such t o n a l  c o n t r a s t s  make it p o s s i b l e  t o  d e l i m i t  many forma- 
t i o n a l  boundaries  i n  t h e  T e r t i a r y  eugeosyncl ina l  accumulation of  
b a s a l t s ,  mudstones, and sandstones.  

Recoqni t ion of  l i n e a r  s t r u c t u r a l  f e a t u r e s  

The sharp  j u x t a p o s i t i o n  o f  c o n t r a s t i n g  t o n e s  and d i f f e r e n c e s  i n  
topographic  express ion  make p o s s i b l e  l o c a l l y  t h e  a c c u r a t e  i d e n t i f i c a -  
t i o n  o f  t h e  t r a c e s  of  a set of  northwest- t rending f a u l t s  ( f i g .  2 ) .  
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The p rev ious ly  unrecognized n e a r l y  north-south t r end ing  lineament west of 
t h e  c e n t e r  of  f i g u r e  2 i s  conspicuous on t h e  r a d a r  image. T h i s  l ineament 
i s  i n t e r p r e t e d  a s  a f a u l t  t h a t  forms a g e n e r a l  boundary between t u f f a c e o u s  
sandstone and s i l t s t o n e  of Oligocen 
upper Eocene s i l t s t o n e  on t h e  e a s t .  I 
f o u r  format iona l  u n i t s  i n  
(Tmom on fi'g. 2 )  cannot  b 

About 10 m i l e s  south  of As tor ia  i n  extreme n o r t h  
a r c u a t e  s t r u c t u r e ,  no t  recognized h e r e t o f o r e ,  
r a d a r  image ( f i g .  5 ) .  
hook-shaped form and i s  occupied by a t h i c k  s i l l  of f ine-gra ined  gabbro 
of Miocene age. 
s t e e p l y  northeastward where breached by Youngs River.  
geo log ic  map i s  not  a v a i l a b l e  f o r  t h e  a r e a ,  t h e  s i l l  appears  i n  t h e  r 
image t o  fo l low a p re -ex i s t ing  s t r u c t u r e  i n  t h e  no r the rn  p a r t  of the arc. 
F a r t h e r  sou th  t h e  wes tern  p a r t  of t h e  a r c u a t e  s t r u c t u r e  seems t o  c o n t r o l  
t h e  d ra inage  of Lewis and C la rk  Creek .  
t h e  s t r u c t u r e  appa ren t ly  c u t s  Miocene b a s a l t  b r e c c i a s  and flows. 
e a s t e r n  h a l f  of  t h e  a r c ,  i f  p r e s e n t ,  i s  not  covered by t h e  imagery. 
Because o f  i t s  a r c u a t e  shape and t h e  l a r g e  volume of  Miocene p i l l o w  
f lows and b r e c c i a s  i n  t h i s  a r e a ,  it i s  specu la t ed  t h a t  t h i s  s t r u c t u r e  
i s  of vo lcano- tec tonic  o r i g i n .  

The no r the rn  p a r t  t h e  

The s i l l  c u t s  upper Eocene(?) sediments and d i p s  
Although a d e t a i l e d  

S t i l l  f a r t h e r  t o  t h e  sou theas t  
The 

The con tac t  between T e r t i a r y  bedrock and f l a t - l y i n g ,  u p l i f t e d  
marine t e r r a c e  sands of l a t e  P le i s tocene  age a long  t h e  coas t  can be 
e a s i l y  drawn, a s  can t h e  c o n t a c t  between v a l l e y  al luvium and bedrock 
( f i g s .  2, 3, 5 ,  and 6 ) .  Long narrow p a r a l l e l  r i d g e s ,  which probably 
a r e  r a i s e d  o f f s h o r e  b a r s ,  a r e  r e a d i l y  apparent  Pn t h e  Qua te rna ry  
sediments  on f i g u r e  5 .  I n  t h e  Tenmile Lakes a r e a  south of t h e  Umpqua 
River  ( f i g .  6 )  an e x t e n s i v e  b e l t  a long t h e  c o a s t  i s  covered by dune 
sands- Most of t h i s  b e l t  has  t h e  same dark t o n e s  a s  t h e  water  i n  t h e  
l a k e s  immediately t o  t h e  e a s t  ( f i g .  6 ) ,  i n d i c a t i n g  t h a t  t h e  sands 
probably a r e  water  s a t u r a t e d .  The small  l i g h t - c o l o r e d  a r c u a t e  f e a t u r e s  
w i t h i n  t h e  dark b e l t  a r e  t h e  t o p s  of l a r g e  dune r i d g e s  which presum- 
a b l y  a r e  dry  sand. The narrow l i g h t - g r a y  s t r i p  of beach sand, between 
t h e  dune b e l t  and t h e  ocean, probably a l s o  i s  mois ture  f r e e  i n  i t s  
upper p a r t .  

Conclusions 

T h i s  q u a l i t a t i v e  e v a l u a t i o n  i n d i c a t e s  t h a t  s ide- looking r a d a r  
imagery is a p o t e n t i a l l y  u s e f u l  t o o l  f o r  geo log ic  mapping i n  r eg ions  
where t h e  bedrock i s  masked by dense vege ta t ion .  The r a d a r  s enso r  
has  e f f e c t i v e l y  " d e f o l i a t e d "  Coas t a l  Oregon, t h u s  g r e a t l y  enhancing 
t h e  topographic  and t o n a l  expres s ions  of v a r i o u s  T e r t i a r y  rock u n i t s .  
F a u l t s  and l ineaments  t h a t  cannot be r e a d i l y  i d e n t i f i e d  on conven- 
t i o n a l  b lack  and whi te  photography can be recognized.  

These p re l imina ry  i n t e r p r e t a t i o n s  i n d i c a t e  t h a t  a gene ra l  
c o r r e l a t i o n  ex is t s  between rock d e n s i t y  and r a d a r  r e f l e c t i v i t y .  
water  con ten t  of  porous,  uniformly f ine -g ra ined  sediments a l s o  g r e a t l y  

The . 
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be g r e a t l y  improved if synop t i c  r a d a r  imagery was a v a i l a b l e  f o r  t h e .  
ent i re  Coast Range. 
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